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Abstract
Carbohydrates influence survival and rooting of leafy rose stem cuttings. 
However, to what extent the anatomical changes occurring during rooting (e.g. callus 
formation) are related with changes or limitations in carbohydrates is not well 
described. Therefore, the anatomy and morphology of rooting and carbohydrate con-
centrations in cuttings were followed during the first 21 days of propagation. Single 
node leafy stem cuttings of Rosa hybrida Madelon
®
were propagated in climate 
chamber (23-25ºC, 85 ?mol m-2 s-1, 16 h day-1) and subjected to two CO2 levels: 
ambient (~ 350ppm) and low (80-100 ppm). Callus formation, number and dry weight 
of roots and stem were measured. Cross and longitudinal sections of the most basal 14-
15mm of the stem (rooting zone) were made and carbohydrates were assayed by 
iodine staining and chromatography. Under ambient CO2 cambial activity was noticed 
by day 3 through proliferation of undifferentiated parenchyma cells (callus) between 
the cambium and the sclerenchyma, and at day 7 meristematic centers and root 
primordia were observed. Roots emerged and started elongating between days 11 and 
14 in ambient CO2 and new xylem vessels were visible by day 14. Under low CO2
callus proliferation and rooting (number of roots formed) were delayed and strongly 
diminished. In ambient CO2 the stem tissues close to the basal callus showed weak 
staining of pith cells and medular rays, in contrast to the dark bluish staining 
observed for the remaining upper part of the stem. Carbohydrate extraction and 
chromatography analysis confirmed the heterogeneous accumulation of starch in the 
stem under ambient CO2 and showed that low CO2 drastically reduced starch concen-
trations most likely due to suppressed photosynthesis. We conclude that callus forma-
tion is a pre-requisite for root formation in rose cuttings and that carbohydrates have 
a major influence on callus proliferation that precedes root formation.  
INTRODUCTION
Formation of undifferentiated parenchyma tissue (callus) at the basal part of the 
stem segment of cuttings and as a result of cambial activity is one of the first histological 
events occurring in response to wounding caused by severance. Callus formation has been 
often considered a pre-requisite for optimal root formation in several woody species like 
Acacia (Schwarz et al., 1999), Leucodendron (Pérez-Francés et al., 2001), Pinus
(Hamann, 1998) or Malus (Mackenzie et al., 1986). Besides providing the place where 
roots initiate, callus formation can prevent the entry of pathogenic organisms at the 
wound (Cline and Neely, 1983) and decrease susceptibility to stem rot (Howard and 
Harrison-Murray, 1995). Callus formation may also influence positively cutting’s 
hydratation as suggested by Scagel (2004) for rose cuttings. 
In rose propagation by leafy stem cuttings, massive callus formation at the base of 
cuttings has been associated with environmental stress conditions and bad rooting, but 
under normal environmental conditions it has worked as the prime visible indicator of 
cutting viability (Costa and Van de Pol, 2003). Callus formation is a pre-requisite for 
rooting in rose. Carlson (1933) found that rooting of rose cuttings involved strong 
cambial activity by which a large amount of phloem tissue was produced and more 
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recently Fouda and Schmidt (1994) showed in Rosa rugosa cuttings that adventitious 
roots originated from callus at the basal cut surface. However, there are discrepancies in 
literature regarding the stem tissues involved in adventitious rooting as well as the place 
where root initiation occurs (Costa, 2002).
The original leaf area of rose stem cuttings influenced positively their rooting 
possibly as a result of increasing carbohydrate availability at the rooting zone (Costa et 
al., 2001; Costa and Challa, 2002). Callus formation at the basal end of cuttings was also 
more pronounced in cuttings with larger leaves (Costa, 2002) suggesting that 
carbohydrates could be influencing positively callus proliferation, and consequently 
rooting. Our objective is to extend knowledge on the anatomical changes occurring during 
rooting of rose cuttings and to investigate to what extent these changes relate to 
differences in carbohydrate availability during the first days of propagation.
MATERIAL AND METHODS 
Mother plants of Rosa hybrida Madelon
®
 were grown in a climate chamber  (23-
25ºC, 85 ?mol m-2 s-1, 16 h day-1) and single node leafy softwood stem cuttings with an 
original leaf of 5 leaflets were propagated as described by Costa and Challa (2002). 
Cuttings were subjected to two CO2 levels: ambient (about 350 ppm) and low (80-100 
ppm). Callus formation at the base of the stem segment was scored according to the 
following qualitative scale: 0- no callus visible by eye; 1-small amount of irregular callus; 
2–medium amount of regular callus 3- large amount of regular callus. Number and dry 
weight of roots and stem were determined. Observations were done on days 0, 3, 7, 11, 14 
and 21 of propagation.
Histology
Cross and longitudinal sections from the most basal 14-15mm of the stem segment 
of cuttings (the rooting zone) were made and fixed in formalin-acetic acid-ethanol (FAA) 
(5:5:90) and further dehydrated in an alcohol series, embedded in Technovit 7100 
(hydroxy-ethyl-metacrylate) and finally sectioned at a thickness of 10 µm on a rotation 
microtome. Sections were mounted on slides, stained with toluidine blue O (96%), 
covered with euparal and a cover slip. Fresh sections were sectioned with a slide 
microtome at a thickness of 30-60µm and were mounted in glycerine gelatine without 
staining. The sections were examined by using bright field illumination on a Zeiss 
microscope (CarlZeiss, Oberkochen, Germany) and photographed using a video system 
frame grabber (Panasonic 3 Digital CCD).
Carbohydrate Analysis 
Transversal and longitudinal sections of the stem segment were stained for starch 
with a solution of I2KI combining 3 g of iodine (I2) crystals, and 10 g of potassium iodide 
(KI) crystals dissolved in 1L of distilled water. After harvesting the cuttings, roots were 
removed when formed and the stem was sectioned at the basal end close to callus and at 
the middle part of the stem segment using a razor blade. Sections (4-5 mm thick) were 
immersed in the I2KI solution for about 0.5-1h and were viewed with a stereomicroscope 
(LEICA MZ8 Ocular 10x/21B). Photographs were captured with the video system 
mentioned above. Carbohydrate concentrations from the rooting zone (from the upper-
most and the lowest 7mm) were determined on days 0, 3, 7, 14 and 21 of propagation. 
Sections were cut with a razor blade, frozen in liquid nitrogen and stored at -21ºC. The 
material was freeze-dried, powdered in a ball mill and extracted sequentially for soluble 
carbohydrates and starch and analyzed using a high performance anion exchange  
chromatograph (HPAEC).  
Experimental Design and Statistical Analysis 
We used a randomized complete block design with two blocks, each containing 6 
plots (6 cuttings per plot). Dry weight and carbohydrate concentration were analysed for 
each observation day, except for day 0. Least significant differences (LSD) were 
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calculated using the Students t-test. The Wilcoxon signed ranks test (single tailed) 
(P<0.001) was used to analyse the differences between callus growth under different CO2
conditions. Statistical analysis was performed using GENSTAT 5 (IACR, Rothamsted, 
UK) and SPSS (SPSS Inc., Chicago, USA). 
RESULTS 
Histological Events during Rooting
On day 3 of propagation, cambial activity was noticed in cross sections of cuttings 
propagated under ambient CO2 through proliferation of phloem parenchyma tissue 
between the cambial zone and the secondary phloem or the sclerenchyma. However, no 
cambial activity was noticed under low CO2 conditions (data not shown). On day 7 the 
anatomical differences between ambient and low CO2 grown cuttings became more 
pronounced due to the proliferation of the new xylem/phloem parenchyma tissue and 
increased thickness of cortex under ambient CO2. Also, root initiation and elongation 
were visible in ambient CO2 already on day 7 and groups of meristematic cells were 
distinguished within the parenchyma tissue (Fig. 1A and Fig. 2), and dome-shaped root 
primordia pushing through the sclerenchyma fiber ring were visible (Fig. 1A). On day 11 
root primordia were elongating through the cortex and almost emerging (Fig. 1C). On the 
contrary, cuttings under low CO2 kept a limited proliferation of parenchyma tissue and 
root primordial were not visible (Fig. 1B). On day 11, the original anatomical structure of 
the stem of cuttings at ambient CO2 was distorted by the proliferation of callus tissue and 
by root elongation and expansion of adjacent tissues (Fig. 1C). These internal changes 
corresponded to a larger size of the externally visible callus (Table 1). However, cuttings 
propagated at low CO2, kept their original anatomical structure almost intact by day 7 and 
even day 11 (Fig. 1C and 1D), and showed only a moderate proliferation of the externally 
visible callus (Table 1). By day 14, the cortex and the new-formed vessels of ambient CO2
grown cuttings had enlarged and the medular rays were differentiating new cells and 
elongating (data not shown). Cuttings propagated under low CO2 had a smaller 
proliferation of the parenchyma tissue (callus) and consequently a less distorted structure. 
Number and dry weight of visible roots was smaller under low CO2 (Fig. 3). 
Qualitative and Quantitative Analysis of Carbohydrates  
Iodine staining showed that ambient CO2 cuttings accumulated starch during the 
first days of propagation, preferentially in the medular rays, pith cells and the cortex 
region (Fig. 4). Staining was weaker in the most basal part of the stem close to the callus 
(Fig. 4C). Measurements with HPAEC confirmed an heterogeneous carbohydrate 
accumulation (mostly starch) under ambient CO2 and showed that cuttings propagated 
under low CO2 had significantly lower starch concentrations than when propagated under 
ambient conditions (Fig. 5). 
DISCUSSION AND CONCLUSIONS
Our results show that proliferation of the new parenchyma tissue (callus), 
probably due to cambial meristematic activity, precedes adventitious root formation in 
cuttings of Rosa hybrida Madelon®. Roots initiated within the new formed parenchyma 
tissue, close to the secondary xylem, which is in line with previous findings by Fouda and 
Schmidt (1994), who reported for Rosa rugosa that adventitious roots originated from the 
callus tissue at the basal cut surface of the stem. However, Fouda and Schmidt (1994) 
considered the cambial zone as the main tissue where root primordia were formed. In the 
present case, it is difficult to say whether or what parts of this new parenchyma belong to 
the cambium, phloem and xylem respectively. The fact that callus proliferation precedes 
root initiation and that larger proliferation of callus was associated with better rooting 
suggests that proliferation of parenchyma or phloem tissue (callus) is a prerequisite for 
root formation in rose cuttings. Moreover, the fact that callus had differentiated xylem 
vessels before roots emerged suggests that it may also contribute to water transport before 
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roots are functional. This view is supported by the observations of Von Schaesberg et al. 
(1993) who justified higher assimilation activity of cuttings following formation of 
exogenous callus due to increased water uptake and stomatal conductance. Scagel (2004) 
also suggests a relation between the formation of callus and the hydratation state of 
miniature rose cuttings. 
The lower starch concentrations found at the rooting zone, close to the callus, of 
cuttings propagated under ambient CO2 suggests that carbohydrate metabolism (e.g. 
starch hydrolysis) is closely related with the initial anatomical events in part to support 
the energy costs related to callus formation and/or eventually with root elongation. Starch 
hydrolysis is needed to sustain meristematic activity related to callus formation (Doud 
and Carlson, 1977) as callus formation is basically a process of cell division which 
depends on available carbohydrates (Muller et al., 1998). Low CO2 suppressed photo-
synthetic activity and resulted in very low carbohydrate  (starch) concentrations at the 
rooting zone of the cuttings, which might have limited or delayed root initiation by 
delaying callus formation and by decreasing proliferation of the new callus (parenchyma 
tissue) in which root primordia are initiated. We have confirmed that callus formation is a 
pre-requisite for rooting in rose cuttings and conclude that carbohydrate availability at the 
rooting zone of cuttings is a major regulating factor of cambial activity and further callus 
proliferation that precedes root formation.
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Tables
Table 1. Effect of air CO2 concentration on callus formation, for cuttings of Rosa hybrida
Madelon
®
until day 21 of propagation. Data was recorded according to a qualitative 
scale: 0-no callus; 1-small amount of irregular callus; 2–medium amount of regular 
callus; 3- large amount of regular callus. Different letters within the same column 
indicate significant differences according to the Wilcoxon signed ranks test (single-
tailed) (n=6). 
CO2 concentration  Qualitative indication of amount of callus 
  Day 0 Day 3 Day 7 Day 11 Day 14 Day 21 
300-350 ppm   - 0 1.3a 3.0a 3.0a 3.0a 
80-100 ppm  - 0 0.7b 2.0b 2.0b 1.9b 
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Fig. 1. Fresh cross sections (50?m) from the most basal 7mm of the stem segment of 
leafy stem cuttings of Rosa hybrida Madelon
®
 on days 7 (A, B) and 11 (C,D) of 
propagation, under ambient (about 350 ppm) (A, C) or low (80-100 ppm) CO2 (B, 
D). Note the root primordia (rp) on day 7 (arrow in A). Note on day 11, the 
meristematic centers (mc) within the new phloem/xylem parenchyma tissue (pa) 
and a root primordia almost emerging (arrow in C). Note the almost intact stem 
structure of low CO2 treated cuttings by day 7 (B) and the moderate proliferation 
of new parenchyma tissue by day 11 (D).  
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Fig. 2. Longitudinal radial section (10?m) stained with toluidine blue of the most basal 
part of the rooting zone of leafy stem cuttings of Rosa hybrida Madelon
®
 on day 7 
of propagation, under ambient CO2 conditions. Note the proliferation of 
parenchyma tissue (callus) at the basal end of the stem and meristematic centers 
(arrows).
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Fig. 3. Number of roots per cutting from single node leafy stem cuttings of Rosa hybrida
Madelon
®
 propagated under ambient (~ 350 ppm) (???) or low (80-100 ppm)  
(---?---) CO2 conditions. Vertical bars indicate the SE (n=6).  
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Fig. 4. Starch patterns in Madelon
®
rose stem cuttings stained with I2KI on day 11 (A) and 
14 (B,C) of propagation, under ambient CO2 conditions. Tissues containing starch are 
coloured dark blue. Longitudinal section of the rooting zone (most basal 14-15mm) 
(A) and transversal sections from the middle part of the stem segment (B) and basal 
end close to callus (ca) (C). Note in (B) starch accumulation in medular rays 
(arrows), pith cells (pi) and cortex (co) and in (C) the medular rays with low amount 
of starch (arrows), cortex and pith, at the basal end of the stem close to the callus. 
Fig. 5. Starch concentrations (at day 21) in the uppermost (A) and the most basal (B) 
7mm-stem rooting zones of Madelon
®
rose stem cuttings propagated under 
ambient (~ 350 ppm) (???) or low (80-100 ppm) (---?---) CO2 conditions. 
Vertical bars indicate the LSD 0.05 (n=6).
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